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TITLE: A METHOD FOR SCREENING FOR AN ANTIMICROBIAL POLYPEPTIDE 

FIELD OF THE INVENTION 

The present invention relates to a method for screening a polynucleotide sequence encoding an 
antimicrobial polypeptide for its antimicrobial activity. 

BACKGROUND OF THE INVENTION 

Various bioactive polypeptides are known to kill or inhibit the proliferation of target cells, e.g. 
antimicrobial enzymes, anti-tumor peptides and antimicrobial polypeptides. Bioactive polypeptides 
have a variety of applications for example antimicrobial polypeptides may be used for various 
medical applications, such as to combat infections. As it is often more difficult to express and test 
the activity of antimicrobial polypeptide because of their activity new screening methods for such 
polypeptides are desirable. 

WO 00/73433 discloses a method for screening nucleotide sequences encoding anti microbial 
peptides comprising a) ligating a plasmid with the pool of nucleotide sequences linked to an 
inducible promoter, b) transforming host cells which are sensitive to the peptide with the ligated 
plasmids, c) screening the transformed host cells so as to select viable cells, d) cultivating the 
viable cells in the presence of inducer so as to induce expression of said nucleotide sequence, e) 
selecting cells according to the effect of the inducer on cell growth. 
Reichhart J-M et al. (1992), Invertebrate Reproduction and Development, 21 (1), pp. 15-24 
discloses expression and secretion in yeast of active insect defensin, an inducible antibacterial 
peptide from the fleshfly Phormia terranovae. 

Teilum K et al. (1999), disclose that the yield of ATP N peroxidase can be increased by using 
thioredoxin reductase negative strains, which facilitate the fomnation of disulfide bonds in inclusion 
body protein. 

The object of the present invention is to provide a method of screening for antimicrobial 
polypeptides in which both the host cells and the indicator cells are sensitive to the antimicrobial 
polypeptide. 

SUMMARY OF THE INVENTION 

The present invention relates to a method for screening a polynucleotide sequence encoding an 

antimicrobial polypeptide, said method comprising the steps of: 

a) introducing the polynucleotide sequence in a host cell, wherein expression of said 
polynucleotide is under control of an inducible promoter and wherein said host cell is 
sensitive to the antimicrobial peptide encoded by the polynucleotide sequence 
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b) cultivating the host cells of in the absence of an inducer capable of inducing expression of 
the antimicrobial peptide 

c) cultivating the host cells in the presence of an inducer capable of inducing expression of the 
antimicrobial peptide 

d) cultivating the host cells in the presence of an indicator cell, wherein said indicator cell is 
sensitive to the antimicrobial polypeptide encoded by the polynucleotide sequence 

e) selecting host cells capable of reducing the proliferation of indicator cells 

f) recovering the polynucleotide sequence encoding an antimicrobial polypeptide from the 
host cells selected in step e). 

Furthermore, the present invention invention relates to antimicrobial polypeptides identified by this 
method. 

DEFINITIONS 

The tenm "antimicrobial activity" is in the context of the present invention to be understood as an 
activity which is capable of killing or inhibiting the proliferation of microorganisms, including 
bacteria, viruses, unicellular algae and protozoans, and fungi. In the context of the present 
invention the term '•antimicrobial" is intended to mean that there is a bactericidal and/or a 
bacteriostatic and/or fungicidal and/or fungistatic effect and/or a virucidal effect, wherein the tenm 
"bacteriddar is to be understood as capable of killing bacterial cells. The term "bacteriostatic" is to 
be understood as capable of inhibiting bacterial proliferation, i.e. Inhibiting proliferating bacterial 
cells. The term 'Yungiddal" is to be understood as capable of killing fungal cells. The tenn 
"fungistatic" is to be understood as capable of inhibiting fungal proliferation, i.e. inhibiting 
proliferating fungal cells. The tenn "virucidal" is to be understood as capable of inactivating virus. 
The term "proliferation" or "proliferating" may be used interchangeably with the terms "growth" or 
"growing" in the present invention. 

For purposes of the present invention, antimicrobial activity may be determined according to the 
procedure described by Lehrer et aL, Journal of Immunological Methods, Vol. 137 (2) pp. 167-174 
(1991). 

Polypeptides having antimicrobial activity may be capable of reducing the number of living cells of 
Escherichia coli (DSM 1576) to 1/100 after 30 min. incubation at 20*'C in an aqueous solution of 
25%(w/w); particulariy in an aqueous solution of 10%{w/w); more particularly in an aqueous 
solution of 5%(w/w); even more particulariy in an aqueous solution of 1%(w/w); most particulariy in 
an aqueous solution of 0.5%(w/w); and in particular in an aqueous solution of 0.1%(w/w). 
Polypeptides having antimicrobial activity may also be capable of inhibiting the outgrowth of 
Escherichia coli {DSM1576) for 24 hours at 25°C in a microbial growth substrate, when added in a 
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concentration of 1000 ppm; particularly when added in a concentration of 500 ppm; more 
particularly when added in a concentration of 250 ppm; even more particularly when added in a 
concentration of 100 ppm; most particularly when added in a concentration of 50 ppm: and in 
particular when added in a concentration of 25 ppm. 

The term "library" is in the context of the present invention to be understood as a collection of at 
least two different compounds, i.e. the term "library of polynucleotide sequences" means a 
collection of at least two different polynucleotide sequences. Within this context the term ''different 
polynucleotide sequences" is to be understood as polynucleotide sequences which are different in 
regards to at least one nucleotide, e.g. the number of nucleotides in the sequences (i.e. the length 
of the sequence) or the identity of a nucleotide at a given position may be different. The term 
"library of indicator cells" refers to a collection of at least two different indicator cells, wherein the 
temn "different indicator cells" is to be understood as cells which have a different genotype and/or 
different phenotype. 

The term "polynucleotide" or "polynucleotide sequence" is in the context of the present invention to 
be understood as a chain of two or more nucleotides including, but not limited to, cDNA 
sequences. RIMA sequences, genomic DNA sequences, synthetic or semi-synthetic nucleotide 
sequences or any combination thereof. 

The term "polypeptide" refers in the context of the present invention to a peptide comprising two or 
more amino adds. Thus the term includes short chains of amino acids, such as between 2-100 
amino acids and proteins with a defined three-dimensional structure. 
The term "inducible pronnoter" is in the context of the present invention to be understood as a 
promoter from which transcription can t>e regulated, i.e. induced or repressed, by the presence or 
absence of a given compound. The term "regulator^ Is in this context to be understood as a 
compound which is capable of Indudng or repressing transcription from an inducible promoter, e.g. 
the regulator may an "inducer", i.e. a compound capable of indudng transcription, or it may be a 
"repressor", i.e. a compound capable of repressing transcription from the inducible promoter. 
The term "host cell" is in the context of the present invention to be understood as any cell which is 
susceptible to transformation, transfection or infection with a nucleic acid construct. 
The term "nucleic acid construct" is in the context of the present invention to be understood as a 
polynudeotide sequence comprising a polynucleotide sequence encoding a polypeptide and the 
polynucleotide sequences necessary for expression of said polypeptide, e.g. said construct may be 
a plasmid. a bacteriophage or a virus. 

The term "indicator cell" is in the context of the present invention to be understood as any cell for 
which it is of interest to screen a polynucleotide sequence encoding an antimicrobial polypeptide 
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by the present invention. The term "target cell" is used interchangeably with "indicator cell" 
throughout this application. 

The tenn "sensitive" or "sensitive to" used in relation to sensitivity of an indicator or host cell 
towards an antimicrobial polypeptide is In the context of the present Invention to be understood as 
the proliferation of said indicator/host cell is reduced or said indicator/host cell is Icilted by the 
presence, synthesis and/or expression of an AMP. Within the context of the present invention the 
indicator cells are typically affected by the presence of an AMP, while the host cells are typically 
affected by the synthesis and/or expression of an AMP. 

The term "parent" is In the context of the present invention to be understood as a polypeptide, 
which Is modified to create a protein variant. The parent polypeptide may be a naturally occurring 
(wild-type) polypeptide or it may be a variant thereof prepared by any suitable means. For 
instance, the parent polypeptide may be a variant of a naturally occurring polypeptide which has 
been modified by substitution, chemical modification, deletion or truncation of one or more amino 
acid residues, or by addition or insertion of one or more amino acid residues into the amino acid 
sequence of the naturally-occurring polypeptide. 

The term "variant" is in the context of the present invenfion to be understood as a polypeptide 
which has been modified as compared to a parent polypeptide at one or more amino add residues. 
The term "modification(s)" or "modified" Is in the context of the present invention to be understood 
as to include chemical modification of a polypeptide as well as genetic manipulation of the DNA 
encoding a polypeptide. The modification(s) may be replacement(s) of the amino add side 
chain(s), substltution(s), deletion(s) and/or insertions in or at the amino add(s) of interest. Thus the 
term "modified polypeptide" is to be understood as a polypeptide which contains modification(s) 
compared to a parent polypeptide. 

DETAILED DESCRIPTION OF THE INVENTION 
Antimicrobial polypeptides 

The present invention relates to a method for screening a polynucleotide sequence encoding an 
antimicrobial polypeptide (AMP) according to its ability to kill or inhibit the proliferation of the 
Indicator cell. The AMP screened for by the present invention may be a variant of a parent AMP, 
such as a variant generated by manipulation of the nucleotide sequence encoding the parent AMP, 
and/or it may be a so-called wild-type AMP. i.e. a naturally occurring AMP. The AMP may also be 
an artificial AMP, Le. an AMP encoded by a polynucleotide sequence, wherein the polynucleotide 
sequence is e.g. generated by polynudeotide synthesis. 
. The AMP and the polynucleotide sequence encoding said AMP screened for in the present 
invention may be obtained from plants, invertebrates, insects, amphibians or mammals, or from 
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microorganisms such as t)acteria and fungi. For purposes of the present invention, the tenm 
"obtained from" as used herein shall mean that the polypeptide encoded by the nucleotide 
sequence is produced by a cell In which the nucleotide sequence is naturally present or into which 
the nucleotide sequence has been inserted. In a particular embodiment, the polypeptide is 
secreted extracellularly. 

In a particular embodiment of the present invention the AMP(s) may be a bacterial polypeptide. For 
example, the polypeptide may be a gram positive bacterial polypeptide such as a Bacillus 
polypeptide, e.g., a Bacillus alkalophilus, Bacillus amyloliquefaciens. Bacillus brevis. Bacillus 
circulans, Bacillus coagulans, Bacillus lautus. Bacillus lentus. Bacillus licheniformis. Bacillus 
megaterium. Bacillus stearothermophilus. Bacillus subtilis, or Bacillus thuringiensis polypeptide; or 
a Streptomyces polypeptide, e.g., a Streptomyces lividans or Streptomyces murinus polypeptide; 
or a gram negative bacterial polypeptide, e.g., an E. coli or a Pseudomonas sp. polypeptide. In 
another embodiment it may from gram negative bacteria. 

In another embodiment the AMP screened for by the present invention may be a fungal 
polypeptide, and particularly a yeast polypeptide such as a polypeptide obtained from Candida, 
Kluyveromyces, Pichia, Saccharomyces, e.g. S. cartsbergensis, S. cerevisiae, S. diastaticus, S. 
douglasii, S. kluyveri, S. norbensis or S. oviformis, Schizosaccharomyces, or Yarrowia polypeptide; 
or more particularly a filamentous fungal polypeptide such as an Acremonium, Aspergillus, 
Aureobasidium, Cryptococcus, Filibasidium, Fusarium, Humicola, Magnaporthe, Mucor, 
Myceliophthora, Neocallimastix, Neurospora, Paecilomyces, Penicillium, Piromyces, 
Schizophyllum, Talaromyces, Tharmoascus, Thielavia, Tolypocladium, or Trichodema 
polypeptide. 

In another particular embodiment, the polypeptide may be obtained from Aspergillus aculeatus, 
Aspergillus awamori, Aspergillus foetidus, Aspergillus japonicus, Aspergillus nidulans, Aspergillus 
niger, Aspergillus oryzae, Fusarium bactridioides, Fusarium cerealis, Fusarium crookwellense, 
Fusarium culmorum, Fusarium grarrtirtearum. Fusarium graminum, Fusarium heterosporum, 
Fusarium longypes, Fusarium negundl Fusarium oxysporum, Fusarium reticulaium, Fusarium 
roseum, Fusarium sambucinum, Fusarium sarcochroum, Fusarium sporotrichioides, Fusarium 
sulphureum, Fusarium torulosum, Fusarium trichothecioides, Fusarium venenatum, Humicola 
insolens, Humicola lanuginosa, Mucormiehei, Myceliophthora thermophila, Neurospora crassa, 
Penicillium purpurogenum. Trichoderma harzianum, Trichodenva koningii, Trichoderma 
longibrachiatum, Trichoderma reese/, or Trichoderma viride polypeptide. 
Other examples of fungi where the AMP may be obtained from include Pseudoplectania, e.g. P, 
. vogesiaca or P. n/grella, Plectania, e.g. P. melaena. P. melastoma or P. nannfeldtii, Umula, e.g. U, 
helvelloides or Galiella, e.g. G. rufa. 
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It will be understood that for the aforementioned species, it encompasses both the perfect and 
imperfect states, and other taxonomic equivalents, e.g.. anamorphs, regardless of the species 
name by which they are known. Those skilled in the art will readily recognize the identity of 
appropriate equivalents. 

Strains of these species are readily accessible to the public in a number of culture collections, such 
as the American Type Culture Collection (ATCC), Deutsche Sammlung von Mikroorganismen und 
Zellkulturen GmbH (DSM), Centraalbureau Voor Schimmelcultures (CBS), and Agricultural 
Research Service Patent Culture Collection. Northern Regional Research Center (NRRL). 
Furthermore, such polypeptides may be identified and obtained from other sources including 
microorganisms isolated from nature (e.g., soil, composts, water, etc.). Techniques for isolating 
microorganisms from natural habitats are well known in the art. The nucleotide sequence may then 
be derived by similarly screening a genomic or cDNA library of another microorganism. 
AMPs' often exert their antimicrobial effect on the target cell by interacting/binding/sequestering 
essential molecular targets in said cell. The antimicrobial polypeptide (AMP) screened for by the 
present invention may be a membrane-active antimicrobial polypeptide, or an antimicrobial 
polypeptide affecting/interacting with intracellular targets, e.g. Interacting/binding with molecules 
involved in signal transduction and/or interacting/binding to ceil DNA. The antimicrobial polypeptide 
may act on cell membranes of the indicator cell, e.g. through non-specific binding to the 
membrane, usually in a membrane-parallel orientation, interacting only with one face of the bilayer. 
The AMP of interest may t>e an enzyme or a short peptide (less than 100 amino acid residues). 
Examples of antimicrobial enzymes include a muramidase, a lysozyme, a protease, a lipase, a 
phospholipase, a chitinase, a glucanase, a cellulase, a peroxidase, or a laccase. Alternatively, a 
consortium of en^mes synthesizing conventional antibiotics, e.g. polyketkJes or penicillins, can be 
employed. 

The AMP of interest may also k>e a relatively short polypeptide, consisting of less than 100 amino 
acid residues, typically 5-95 residues, such as between 5-90. 5-80. 5-70, 5-60, 5-50, 5-40, 5-30, 
10-90, 10-80. 10-70, 10-60. 10-50. 10-40. 10-30, 20-90, 20-80, 20-70. 20-60, 20-50, 20-40, 30-90, 
30-80. 30-70. 30-60. 30-50, 40-90. 40-80, 40-70. 40-60, 50-90, 50-80, 50-70. 60-90 or 60-80 
residues. In a particular embodiment of the present invention the AMP to be screened for has a low 
cytotoxicity against normal mammalian ceils, including human cells. 

Many known short AMPs are cationic and/or hydrophobic polypeptides. Thus it may typically 
contain several arginine and lysine residues and/or not contain any or very few glutamic acid or 
aspartic acid residues, and it may often contain a large proportion of hydrophobic residues, such 
Alanine, Valine, Leucine. Isoleuclne. Methionine, Proline. Phenylalanine and Tryptophan. 



6 



10298.000-DK 



Furthermore, many known short AMPs generally have an amphiphilic structure, with one surface 
being positive and the other hydrophobic. 

Antimicrobial polypeptides typically has a structure belonging to one of five major classes: alpha- 
helical, cystine-rich (defensin-like), beta-sheet, an unusual composition of regular amino acids, and 
containing uncommon modified amino acids. 

Examples of AMPs with an alpha-helical structure, which may be used as parent AMPs include 
Magainin 1 and 2 which may be obtained from frog skin; Cecropin A, B and PI ; CAP18; Andropin 
which may be obtained from insect hemolymph (e.g. Drosophila melanogaster)\ Clavanin A which 
may be obtained from tunicate leukocytes (Styela clava) or Clavanin AK; Styelin D which may be 
obtained from tunicate leukocytes {Styela clava) and StyelinC; and Buforin II which may be 
obtained from Asian toad {Bufo bufo garaghzansy Examples of cystine-rich polypeptides include 
alpha-Defensin HNP-1 (human neutrophil peptide) HNP-2 and HNP-3; beta-Defensin-12, 
Drosomycin, gammal-purothionin, and Insect defensin A. Examples of beta-sheet polypeptides 
include Lactoferricin B, Tachy-plesin I, and Protegrin which may be obtained from porcine 
neutrophils, e.g. Protegrin PG1-5. Examples of polypeptides with an unusual composition include 
tndolicidln; PR-39 which may be obtained from Porcine leukocytes; Bactenicin Bac5 which may be 
obtained from sheep leukoc^es (Ovis aries) or from bovine lekoc^es (Bos taurus) and Bac7 which 
may be obtained from sheep leukocytes {Ovis aries) or from bovine lekocytes (Bos taurus); and 
Histatin 5 which may be obtained from human saliva or a variant of Hlstatin 5, such as d-histatin5 
(d-h5) which conresponds to the 14 C-terminal amino acid residues of hIstatinS, or dhvarl which is 
a variant of d-h5. Examples of polypeptides with unusual amino adds Include NIsIn, Gramicidin A, 
and Alamethicin. 

Other examples of AMPs which may be used in the present invention include an antifungal protein 
(AFP), such as an AFP obtained from Aspergillus, e.g. A. niger or A. giganteus\ Defendn hBD3 
which may be obtained from human epithelia; Heliomycin which may be obtained from insect 
hemolymph; Enterocin L50B which may be obtained from Lactobacillus; Thanatin which may be 
obtained from insect hemolymph; Indolicidin which may be obtained from bovine neutrophils; 
Tritrpticin which may be obtained from porcine neutrophils; Temporin B which may be obtained 
from frog skin (e.g. Rana temporaria)\ Dermaseptin which may be obtained from frog skin; 
Apidaecin which may be obtained from frog skin or honeybee; SMAP29 which may be obtained 
from sheep leukocytes {Ovis aries); LL-37 which may be obtained from human or rabbit 
neutrophils; BP! which may be obtained from human white blood cells; or Plectasin which may be 
obtained from Pseudoplectania nigrella (e.g. SEQ ID NO:2 in PA 2001 01732). 
In a particular embodiment of the invention the AMP screened for is free of any protecting scaffold 
proteins. 
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Libraty of polynucleotide sequences 

In one embodiment of the present invention the polynucleotide sequence screened in the present 
invention may comprise a library of polynucleotide sequences. 

The library of polynucleotide sequences encoding antimicrobial peptides may be obtained from 
naturally occurring genomic DNA, cDNA derived from naturally occurring organism or it may be 
chemically synthesized. Said genomic DNA or cDNA may be derived from any organism, such as 
one of those described above. 

The commercial utility of antimicrobial polypeptides generally depends on their potency, species 
specificity and ability to perform under the appropriate conditions. Often these conditions are quite 
different from those under which the polypeptide originally evolved. Most antimicrobial polypeptides 
have, for example, not been evolved to simultaneously target a broad range of different microbes, 
to work in a physiological salt range, to evade the human immune system or resist the clearing 
capacity of the mammalian circulatory system. Therefore it may be desirable to alter one or more 
properties of a known AMP to improve its performance under a given commercial condition. 
Thus in one embodiment of the present invention the library of polynucleotide sequences may be a 
library of polynucleotide sequences encoding variants of a parent AMP. Sard variants may be 
created by any method known within the art of manipulating polynucleotide sequences, e.g. it may 
be created by random mutagenesis, by site-directed mutagenesis or by gene shuffling. 
The sequences to be shuffled may be related sequences from different organisms (so-called 
"family shuffling"), or they may include a parent sequence and a variant thereof. 
In a particular embodiment of the invention random mutagenesis is achieved by shuffling of 
homologous DNA sequences in vitro such as described by Stemmer (Stemmer, 1994. Proc. Natl. 
Acad. Sci. USA, 91:10747-10751; Stemmer. 1994. Nature 370:389-391 ) and/or Crameri (Crameri 
A., et aL, 1997. Nature Bio-technology 15:436-438). The method relates to shuffling homologous 
DNA sequences by using in vitro PGR techniques. The above method is also described in WO 
95/22625 in relation to a method for shuffling homologous DNA sequences. An important step in 
the method is to cleave the homologous template double-stranded polynucleotide into random 
fragments of a desired size followed by homologously reassembling the fragments into full-length 
genes. 

In another particular embodiment of the invention random mutagenesis is achieved by the method 
described in WO 98/41653, which discloses a method of DNA shuffling in which a library of 
recombined homologous polynucleotides is constructed from a number of different input DNA 
templates and primers by induced template shifts during in vitro DNA synthesis. In this context 
especially the special version of this in vitro recombination through induced template shifts during 
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DNA synthesis, described in WO 98/41653, may particulariy be used. Here, small (>5 nucleotides) 
random DNA primers are employed to randomly initiate DNA synthesis on the mutant DNA 
templates that are to be combined. 

Especially if the AMP is a short polypeptide, such as between 20-100 amino acid residues, special 
attention has to be taken into consideration when using each of the above methods for generation 
and combination of sequence diversity. Since most shuffling methods rely on a substantial number 
of identical bp (20-100 bp) flanking the mutations that has to be recombined. the mutations in small 
polynucleotide sequences are technically difficult to combine by the above described methods. 
Accordingly, other formats of directed evolution may be employed on small polynucleotide 
sequences. In a particular embodiment involving the combination of variants of a given peptide of 
less than approximately 50 amino acids, one degenerate DNA primer harbouring all the desired 
mutations may be synthesized. In a given position in this degenerate primer, both the wildtype (wt) 
(naturally occurring) nucleotide as well as the mutant nudeotkle should be present. The frequency 
of wt-to-mutant nucleotides may be adjusted as considered optimal and rules and considerations to 
detemiine the optimal frequency are known In the art. By including all desired mutations in one 
primer, the desired sequence-space could be completely sampled. This method allows for the 
sampling and combination of all desired mutations irrespectively of how close they would be in the 
primary gene sequence. 

If polypeptides of more than approximately 50 amino acids are employed, two or more separate 
and degenerate primers may have to be used. This is due to the constraints generally experienced 
when synthesizing DNA primers; only DNA primers of less than approximately 180-200 nucleotides 
may routinely be synthesized. 

In another embodiment where polypeptides of more than approximately 50 amino acids are 
employed, the sequence diversity (the individual mutants) to be combined can individually be 
harboured in small oligonucleotides of 20-30 base pairs of length. In this approach, a specific DNA 
oligonucleotide is employed for each mutation that should be included in the library. The mutations 
may in particular be located in the middle of the small oligonucleotide to optimize annealing. 
Spiking in several or numerous of these small oligonucleotides in a PCR reaction using the wt 
polypeptide sequence as backbone for the amplification, would allow for the combination of the 
desired mutations. By varying the amount of the individual oligonucleotides to be combined, 
desired ratios of individual variants to wt's can be created. As approximately 10 base pairs are 
required on each side of the sequence mismatch, this method cannot efficiently combine mutations 
that are immediately adjacent. 

In a particular embodiment doped oligonucleotides may be used as primers for the PCR. 
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The present invention is not limited to screening libraries of polynucleotide sequences encoding 
variants of existing or already characterized antimicrobial polypeptides. It may also be used to 
screen for polynucleotide sequences encoding new and/or unknown antimicrobial polypeptides. 
For example the library of polynucleotide sequences may comprise polynucleotide sequences from 
a single microorganism or it may comprise polynucleotide sequences from two or more different 
microorganisms. Examples of organisms from which the polynucleotide sequence(s) encoding an 
AMP may be obtained is given above. 

Host cells 

The host cell according to the definition may be any cell susceptible to transformation or 
transfection with a nucleic acid construct. One advantage of the present invention is that the host 
cell is sensitive to the AMP activity, but that the host cell is first allowed to proliferate in the 
absence of the AMP (as this is not induced) and then subsequently the host cells are induced to 
express the AMP. By allowing the host cells to proliferate before induction of AMP expression it is 
possible for the host cells to produce enough AMP to affect an indicator cells. If on the other hand 
the host cells were not allowed to proliferate before induction of AMP expression It is most likery 
that the expressed AMP would kill the host cells before they were able to express enough amounts 
of AMP to affect an indicator cell, in this case it would therefore be necessary to choose a host cell 
which is not sensitive to the AMP and therefore knowledge of the AMP in question would be 
necessary for each AMP to be tested to be able to find a host cell which is not killed or were 
proliferation is not inhibited by the AMP activity. 

It is an advantage if the host cell does not itself contain and/or express polynucleotide sequence(s) 
encoding antimicrobial polypeptide(s) as this may interfere with the screening method. This cell 
characteristic may either be a natural feature of the cell or it may be obtained by deletion of such 
sequences as described e.g. in Christiansen et al. (1997) or Stoss et al. (1997). 
The host cell may be a unicellular microorganism, such as a prekaryote, or a non-unicellular 
microorganism, such as a eukaryote. 

Examples of unicellular cells are bacterial cells such as gram positive bacteria including, but not 
limited to, a Bacillus cell, e.g.. BaciUus alkalophilus. Bacillus amyloliquefaciens. Bacillus brevis. 
Bacillus cifculans. Bacillus clausii, Bacillus coagulans. Bacillus lautus. Bacillus lentus, Bacillus 
licheniformis. Bacillus megaterium. Bacillus stearothenvophilus. Bacillus subtilis, and Bacillus 
thuringiensis] or a Streptomyces cell, e.g., Streptomyces lividans or Streptomyces murinus, or 
gram negative bacteria such as E. coli and Pseudomonas sp. In a particular embodiment, the 
. bacterial host cell is Bacillus subtilis 
The host cell may also be a eukaryote, such as a mammalian, insect, plant, or fungal cell. 
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In a particular embodiment, the host cell may be a fungal cell. "Fungr as used herein includes the 
phyla Ascomycota, Basidiomycota, Chytridiomyoota. and Zygomycota (as defined by Hawksworth 
et aL, In, AInsworth and Bisby's Dictionary of The Fungi, 8th edition, 1995. CAB International. 
University Press. Cambridge, UK) as well as the Oomycota (as cited in Hawksworth et aL, 1995. 
supra, page 171) and all mitosporic fungi (Hawksworth et al., 1995. supra). 
In a more particular embodiment, the fungal host cell is a yeast cell. •'Yeasr as used herein 
includes ascosporogenous yeast (Endomycetales), basidiosporogenous yeast, and yeast 
belonging to the Fungi Imperfecti (Blastomycetes). Since the classification of yeast may change in 
the future, for the purposes of this invention, yeast shall be defined as described in Biology and 
Activities of Yeast (Skinner, F.A.. Passmore, S.M., and Davenport, R,R., eds, Soc. App. Bacteriol. 
Symposium Series No. 9. 1980). 

Examples of yeast host cell include Candida, Hansenula. Kluyveromyces, e.g. K. /acf/s. Pichia, 
Saccharomyces, e.g. S. carlsbergensis, S. cerevisiae, S. diastaticus, S. douglasiK S. kluyveri, S, 
norbensis or S. oviformis, Schizosaccharomyces, or Yamwia cell, e.g. YJipolytica, 
In another embodiment the fungal host cell may be a filamentous fungal cell. "Filamentous fungi" 
include all filamentous forms of the subdivision Eumycota and Oomycota (as defined by 
Hawksworth et al., 1995. supra). The filamentous fungi are characterized by a mycelial wall 
composed of chitin, cellulose, glucan, chitosan, mannan, and other complex polysaccharides. 
Vegetative growth is by hyphal elongation and carbon catabolism is obligating aerobic. In contrast, 
vegetative growth by yeasts such as Saccharomyces cerevisiae is by budding of a unicellular 
thallus and carbon catabolism may be fermentative. 

Examples of filamentous fungal host cell include a cell of Acremonlum, Aspergillus, e.g. A. 
awamoh, A. foatidus, A.japonicus, A. nidulans. A, nigeroxA. oryzae, Fusarium, e.g. F. 
bactridioides, F. cerealis, F. crookwellense, F. culmorum, F. graminearum, F. graminum, F. 
heterosporum^ F. negundi, F. oxysporum, F reticulatum. F. roseum, F. sambucinum, F. 
sarcochroum, F. sporotrichioides, F. sulphureum, F. torulosum. F. trichothecioides, or F 
venenatum, Humicola, e.g. H. insolens, H. lanuginosa, Mucor, e.g. M. miehei. Mycelioplithora, e.g. 
M. themiophila, Neurospora, e.g. N. crassa, Penicillium, e.g. P. purpurogenum, Thielavia, e.g. 7. 
terrestris, Tolypocladium, or Trichodarma, e.g. T. harzianum, 7. koningii, T. longibrachiatum, 7. 
reesei, or 7. viride. 

In another embodiment of the invention the host cell is a bacterial cell or a eukaryotic cell. Further 
the bacterial cell is preferably an ElectroMAX DH10B cell (GibcoBRL/Life technologies, UK) or of 
the genus £. co//, e.g. SJ2 E. coli of Diderichsen et al. (1990) or Eco// with the genotype: F mcrA 
A(mfr-/isdRMS-mcrBC) <l>80/acZAM15 AlacX74 deoR recA1 araD139 A(araA-/ea)7697 galU galK 
rpsL endAI napG. also known as the commercially available TOP10 cells from Invitrogen. Other 
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particular host cells may be strains of Bacillus, such as Bacillus subms or Bacillus sp. A particular 
useful eukaryotic cell is a yeast, e.g. S. cerevisae. 

For some polypeptides it may be important for their activity that a disulfide bond is formed between 
two cysteine residues in the polypeptide, in some host cells, e.g. yeast, formation of disulfide 
bonds often takes place as a natural part of the expression of polypeptides. However, for other 
types of host cells it doesn't. Thus in a particular embodiment the redox state of the host cell may 
be such that it allows disulfide bond formation. This particularly important if the activity of the 
antimicrobial polypeptide is affected by the presence of disulfide bond(s) in said polypeptide. The 
host cell may be such that it naturally allows disulfide bond formation or it may harbour one or 
more mutations that allow disulfide bond formation. For example the host cell may harbour a 
mutation in the thioredoxin reductase gene (trxB) and/or in the glutathione reductase gene (gor). In 
particular the host cell may be a K-12 derivative of E.coli harbouring mutations in both the 
thioredoxin reductase gene and the glutathione reductase gene, such as the commercially 
available E.co// origami cells from Novagen. 

Expression of a polynucleotide sequence in a host cell 

For expression of a polynucleotide sequence in a host cell, a nucleic acid construct is generally 
generated comprising the polynucleotide sequenoe encoding a polypeptide together with 
polynucleotide sequences capable of facilitating expression of the polynucleotide in the host cell. 
The polynucleotide sequences facilitating expression of a polynucleotide sequence are often 
known collectively as an expression vector. For expression of the polynucleotide sequence, i.e. 
production of the polypeptkie, the expression vector comprising the polynucleotide sequence 
encoding a polypeptide is introduced into a host cell which is then cultured under conditions 
facilitating expression of the polypeptide. Methods for cloning of polynucleotide sequences and 
introducing expression vectors into host cells are well-known in the art. 

In the present invention a polynucleotide sequence is expressed in a host cell. Expression of said 
polynucleotide sequence should be under control of an inducible promoter. 
The polynucleotide sequence may in the present invention be expressed intracellularly in the host 
cell, e.g. in the cytoplasm or other intracellular compartments, such as vacuoles or the 
endoplasmic reticulum (ER), or it may be expressed in the periplasm or secreted by the host cell. 

Expression vectors 

The expression vector may be any vector, e.g, a plasmid or a virus, which may conveniently be 
, subjected to recombinant DNA procedures and which can bring about expression of the 
antimicrobial polypeptide encoded by the polynucleotide sequence in the host cell. The choice of 
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the vector will typically depend on the compatibility of the vector with the host cell into which the 
vector is to be introduced. The vectors may be linear or closed circular plasmlds. 
The vector may be an autonomously replicating vector, /.e.. a vector which exists as an 
extrachromosomal entity, the replication of which is independent of chromosomal replication, e.g., 
a plasmid, an extrachromosomal element, a minichromosome, or an artificial chromosome. 
The vector may contain any means for assuring self-replication. Alternatively, the vector may be 
one which, when introduced into the host cell, is integrated into the genome and replicated 
together with the chromosome(s) into which it has been integrated. Furthermore, a single vector or 
plasmid or two or more vectors or ptasmids which together contain the total DNA to be introduced 
into the genome of the host cell, or a transposon may be used. 

The expression vectors of the present invention may in a particular embodiment comprise one or 
more selectable markers which permit easy selection of transformed/transfected cells. A selectable 
marker is a gene of which the product provides for biocide or viral resistance, resistance to heavy 
metals, prototrophy to auxotrophs. and the like. 

Examples of bacterial selectable markers are the dal genes from Bacillus subtilis or Bacillus 
licheniformis, or markers which confer antibiotic resistance such as ampicillin, kanamycin, 
chloramphenicol or tetracycline resistance. 

Suitable markers for yeast host cells are ADE2, HIS3, LEU2, LYS2, MET3, TRP1, and URA3. 
Selectable markers for use in a filamentous fungal host cell include, but are not limited to, amdS 
(acetamidase), argB (ornithine carbamoyltransferase), bar (phosphinothricin acetyltransferase), 
hygB (hygromycin phosphotransferase), niaD (nitrate reductase), pyrG (orotidine-5'-phosphate 
decarboxylase), sC (sulfate adenyltransferase), trpC (anthranilate synthase), as well as 
equivalents thereof. 

Particularly for use in an Aspergillus cell are the amdS and pyrG genes of Aspergillus nidulans or 
Aspergillus oryzae and the tor gene of Streptomyces hygroscopicus. 

The vectors of the present invention may contain an element that permits stable integration of the 
vector into the host cell's genome or autonomous replication of the vector in the cell independent of 
the genome. 

For integration into the host cell genome, the vector may rely on the nucleotide sequence encoding 
the polypeptide or any other element of the vector for stable integration of the vector into the 
genome by homologous or nonhomologous recombination. Alternatively, the vector may contain 
additional nucleotide sequences for directing integration by homologous recombination into the 
genome of the host cell. The additional nucleotide sequences enable the vector to be integrated 
. into the host cell genome at a precise location in the chromosome. To Increase the likelihood of 
integration at a precise location, the integrational elements should particularly contain a sufTident 
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number of nucleotides, such as 100 to 1,500 base pairs, particularly 400 to 1.500 base pairs, and 
most particularly 800 to 1,500 base pairs, which are highly homologous with the corresponding 
target sequence to enhance the probability of homologous recombination. The integrational 
elements may be any sequence that is homologous with the target sequence in the genome of the 
host cell. Furthermore, the integrational elements may be non-encoding or encoding nucleotide 
sequences. On the other hand, the vector may be integrated into the genome of the host cell by 
non-homologous recombination. 

For autonomous replication, the vector may further comprise an origin of replication enabling the 
vector to replicate autonomously in the host cell in question. Examples of bacterial origins of 
replication are the origins of replication of plasmids pBR322, pUC19, pACYC177. and pACYC184 
pemitting replication in E. co//. and pUB110, pE194, pTAIOSO, and pAMRI permitting replication in 
Bacillus. Examples of origins of replication for use in a yeast host cell are the 2 micron origin of 
replication. ARS1. ARS4. the combination of ARS1 and CEN3, and the combination of ARS4 and 
CEN6. The origin of replication may t>e one having a mutation which makes its ability to function 
temperature-sensitive in the host cell (see, e.g., Ehrlich. 1978. Proceedings of the National 
Academy of Sciences USA 75: 1 433). 

More than one copy of a polynucleotide sequence of the present invention may be inserted into the 
host cell to increase production of the gene product. An increase In the copy number of the 
nucleotide sequence can be obtained by integrating at least one additional copy of the sequence 
into the host cell genome or by including an amplifiable selectable marker gene with the nucleotide 
sequence where cells containing amplified copies of the selectable marker gene, and thereby 
additional copies of the nucleotide sequence, can be selected for by cultivating the cells in the 
presence of the appropriate selectable agent. 

The procedures used to llgate the elements described above to construct the expression vectors 
are well known in the art (see, e.g., Sambrook et aL, 1989, supra). 

Inducible promoters and inducers 

The expression vector used to express the polynucleotide sequence encoding an antimicrobial 
polypeptide according to the present invention should comprise an inducible promoter so that 
expression of said AMP may be controlled by a regulator. It is an advantage if the promoter allows 
tight regulation of the synthesis of the encoded AMP, i.e. that leakiness from the promoter is kept 
at a minimum. In addition, control of the transcription of the encoded AMP may particularty be 
significant as particulariy short polypeptides are often inherently unstable and easily degraded in 
the cytoplasm of microorganisms. The inducible promoter may be regulated by more than one 
regulator. For example the promoter may be positively and negatively regulated, respectively, by 
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two different compounds, e.g. in the presence of an inducer, expression from the promoter may be 
turned on; while in the absence of said inducer only very low levels of expression occur from the 
promoter. The uninduced (i.e. in the absence of the first inducer) levels may then be further 
repressed by the presence of a repressor. By varying the activity of the two regulators, protein 
expression levels may be manipulated to optimize expression of potentially toxic or essential 
genes. 

One example of an inducible promoter and inducers is the Lac promoter as descibed in Taguchi S., 
Nakagawa K., Maeno M. and Momose H.; **ln Vivo Monitoring System for Structure-Function 
Relationship Analysis of the antibacterial peptide Apidaecin"; Applied and Environmental 
Microbiology. 1994, pp. 3566-3572, which may be regulated by presence of the inducer lactose or 
by the synthetic non-digestible lactose derivative IPTG. Other examples include the trp promoters 
induced by tryptophan or gal promoters induced by galactose for £ coli, gall promoter for S. 
cerevisiae, AOX1 promoter for Pichia pastoris, pMT (metallothionein) promoter for Drosophila, 
MMTV LTR, pVgRXR or pIND promoters for mammalian expression. It is an advantage to use an 
inducer which is not metabolized or digested in the host cell as this may keep the inducer 
concentration constant during the screening procedure. 

Furthermore, it may be an advantage to select promoter for which the conresponding inducer is 
able to permeate the cell membrane(s) to gain access to the promoter. 

In a particular emlx>diment of the invention the promoter may be the pBAD promoter as used in tlie 
examples, vide infra, which is induced by the digestible inducer arabinose. If the pBAD promoter is 
used the host cells ability to digest arabinose may be eliminated by deleting suitable genes from 
the host cell genome so as to achieve the above mentioned advantage of having a constant level 
of inducer. 

The pBAD promoter is an example of a promoter which Is regulated by two regulators as this is 
both positively and negatively regulated by AraC and cAMP-CRP. In the presence of arabinose, 
expression from the promoter is turned on, while in the absence of arabinose, only very low levels 
of expression occur from the promoter. 

Uninduced levels may be even further repressed by culturing the cells in the presence of glucose. 
Glucose acts by lowering cAMP levels, which in turn decreases the binding of cAMP-CRP to the 
promoter region of pBAD. As cAMP levels are lowered, transcriptional activation is decreased. This 
Is an advantage if the antimicrobial polypeptide of interest is extremely growth inhibitive or toxic to 
the host. In conclusion, by varying the activity of the two regulators, protein expression levels can 
be manipulated to optimize expression of potentially toxic or essential genes. 
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Other reQulatorv sequences 

The nucleic acid constmct used for expressing the polynucleotide sequence encoding the 
antimicrobial polypeptide of the present invention may comprise, besides the promoter and the 
polynucleotide sequence encoding said AMP, other polynucleotide sequences of importance for 
the expression of said AMPs. For example the nucleic acid construct may further comprise a signal 
peptide coding region, a transcription tenninator sequence, a leader sequence, a polyadenylatron 
sequence and/or a propeptide coding region. 

A signal peptide coding region fs a polynucleotide sequence linked to the amino terminus of a 
polypeptide which directs the encoded polypeptide into the host cell's secretory pathway. The 5' 
end of the coding sequence of the nucleotide sequence may inherently contain a signal peptide 
coding region naturally linked in translation reading frame with the segment of the coding region 
which encodes the secreted polypeptide. Alternatively, the 5' end of the coding sequence may 
contain a signal F>eptide coding region which is foreign to the coding sequence. The foreign signal 
peptide coding region may be required where the coding sequence does not naturally contain a 
signal peptide coding region. Alternatively, the foreign signal peptide coding region may simply 
replace the natural signal peptide coding region in order to enhance secretion of the polypeptide. 
However, any signal peptide coding region which directs the expressed polypeptide into the 
secretory pathway of a host cell of choice may be used in the present invention. 
Examples of signal peptide coding regions for bacterial host cells are the signal peptide coding 
regions obtained from the genes for Bacillus NCIB 11837 maitogenic amylase, Bacillus 
stearothermophilus alpha-amylase, Bacillus lictianiformis subtilisin. Bacillus licheniformis beta* 
lactamase. Bacillus stearothermophilus neutral proteases (nprT, nprS, nprftf), and Bacillus subtilis 
prsA, Further signal peptides are described by Simonen and Palva, 1993, Microbiological Reviews 
57: 109-137. 

Examples of signal peptide coding regions for filamentous fungal host cells are the signal peptide 
coding regions obtained from the genes for Aspergillus oryzae TAKA amylase, Aspergillus niger 
neutral amylase, Aspergillus niger glucoamylase, Rhizomucor miehei aspartic proteinase, 
Humicola /nsotens cellulase. and Humicola lanuginosa lipase. 

Useful signal peptide coding regions for yeast host cells are obtained from the genes for 
Saccharomyces cerevisiae alpha-factor and Saccharomyces cerevisiae invertase. Other useful 
signal peptide coding regions are described by Romanos et ai, 1992, supra, 
A transcription terminator sequence is a polynucleotide sequence recognized by a host cell to 
terminate transcription. The tenninator sequence is linked to the 3' terminus of the polynucleotide 
sequence encoding the antimicrobial polypeptide. 
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Examples of terminators for filamentous fungal host cells include temninators obtained from the 
genes for Aspergillus oryzae TAKA amylase, Aspergillus n^erglucoamytase, Aspergillus nidulans 
anthranilate synthase, Aspergillus niger alpha-glucosidase, and Fusarium oxysporum trypsin-like 
protease. 

Examples of terminators for yeast host ceils include temninators obtained from the genes for 
Saccharomyces cerevisiae enolase, Saccharomyces cerevisiae cytochrome C (CYC1). and 
Saccharomyces cerevisiae glyceraldehyde-3-phosphate dehydrogenase. Other useful terminators 
for yeast host cells are described by Romanes ef a/., 1992, supra, 

A leader sequence is a nontranslated region of an mRNA which is important for translation by the 
host cell. The leader sequence is linked to the 5' terminus of the polynucleotide sequence 
encoding the antimicrobial polypeptide. 

Examples of leader sequences for filamentous fungal host cells include those obtained from the 
genes for Aspergillus oryzae TAKA amylase and Aspergillus r^idulans triose phosphate isomerase. 
Examples of leader sequences for yeast host ceils include those obtained from the genes for 
Saccharomyces cerevisiae enolase (ENO-1), Saccharomyces cerevisiae 3«phosphoglycerate 
kinase, Saccharomyces cerevisiae alpha-factor, and Saccharomyces cerevisiae alcohol 
dehydrogena$e/glyceraklehyde-3-phosphate dehydrogenase (ADH2/GAP). 
A polyadenylation sequence is a sequence linked to the 3' terminus of the polynucleotide 
sequence encoding the antimicrobial polypeptide and which, when transcribed, rs recognized by 
the host cell as a signal to add poiyadenosine residues to the transcribed mRNA. 
Examples of polyadenylation sequences for filamentous fungal host cells include those obtained 
from the genes for Aspergillus oryzae TAKA amylase, Aspergillus niger gluooamylase. Aspergillus 
nidulans anthranilate synthase, Fusarium oxysporum trypsin-like protease, and Aspergillus niger 
alpha-glucosidase. 

Useful polyadenylation sequences for yeast host cells are described by Guo and Sherman. 1995. 
Molecular Cellular Biology 1 5: 5983-5990, 

A propeptide region is a polynucleotide sequence that codes for an amino acid sequence 
positioned at the amino terminus of a polypeptide. The resultant polypeptide is known as a 
proenzyme or propotypeptide (or a zymogen in some cases). A propolypeptide is generally inactive 
and can be converted to a mature active polypeptide by catalytic or autocatalytic cleavage of the 
propeptide from the propolypeptide. The propeptide coding region may be obtained from the genes 
for Bacillus subtilis alkaline protease {aprE), Bacillus subtiiis neutral protease (nprT), 
Saccharomyces cerevisiae alpha-factor, Rhizomucor miehei aspartic proteinase, and 
Myceliophthora thermophila laccase (WO 95/33836). 
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If both a signal peptide coding region and a propeptide region are present at the amino terminus of 
a polypeptide, the propeptide region may t>e positioned next to the amino terminus of a polypeptide 
and the signal peptide region Is positioned next to the amino temiinus of the propeptide region. 

Introduction of nucleic acid constructs in a host cell 

The polynucleotide sequence encoding the antimicrobial polypeptide in the present invention may 
be introduced into the host cell by any method and methods for introducing nucleic add constructs 
Into host cells are well known to a person skilled in the art. 

For example a nucleic acid construct may be introduced into a bacterial host cell may by protoplast 
transformation (see. e.g., Chang and Cohen. 1979. Molecular General Genetics 168: 111-115). 
using competent celts (see, e.g., Young and Splzizin. 1961. Journal of Bacteriology 6^: 823-829, or 
Dubnau and Davldoff-Abelson. 1971, Journal of Molecular Biology 56: 209-221). electroporation 
(see, e.g., Shigekawa and Dower. 1988, Biotechniques 6: 742-751), or conjugation (see, e.g., 
Koehler and Thorne, 1987, Journal of Bacteriology 169: 5771-5278). 

Fungal cells may be transformed by a process involving protoplast formation, transformation . of the 
protoplasts, and regeneration of the cell wall in a manner known per se. Suitable procedures for 
b^nsformation of Aspergillus host cells are described in EP 238 023 and Yelton et a/., 1984, 
Proceedings of the National Academy of Sciences USA 81: 1470-1474. Suitable methods for 
transfomiing Fusarium species are described by Malardier et a/.. 1989, Gene 78: 147-156 and WO 
96/00787. Yeast may be transformed using the procedures described by Becker and Guarente, In 
Abelson, J.N. and Simon, M.I., editors. Guide to Yeast Genetics and Molecular Biology, Methods in 
Enzymology, Volume 194, pp 182-187, Academic Press, Inc., New Yort<; llo ef a/., 1983, Journal of 
Bacteriology 153: 163; and Hinnen et aL, 1978, Proceedings of the National Academy of Sciences 
USA 75: 1920. 

Indicator cells 

The indicator cell used in the present invention may be any cell which It is interesting to test for 
antimicrobial polypeptide activity against. Thus the indicator cell may be any cell which is sensitive 
to an antimicrobial polypeptide activity. One advantage of the present invention is that the 
antimicrobial activity is tested on indicator cells, thus one need only to introduce the polynuleotide 
sequence encoding said AMP activity into a single type of host cells but is able to test the AMP 
activity on a number of different indicator cells. 

The indicator cell may be a prokaryotic cell, e.g. a bacterium, or it may be a eukaryotic cell, such 
. as a fungal cell, a plant cell or a mamnialian cell. Examples of fungal cells include both filamentous 
fungi and yeast. 
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For example an indicator cell may be any of those described above. 

Examples of useful bacterial indicator cells include Bacillus, e.g. B. subtilis, Bordetella, e.g. 8. 
bronchiseptica, Burkholderia, e.g. fi. cepacia, Coagulase-negative Staph^ococcus. Citrobacter, 
e.g. C. freundii, Enterococcus, e.g. E. hirae or £. spec.. Escherichia, e.g. E. co//, Klebsiella, e.g. K. 
pneumonia. Micrococcus, e.g. M luteus, Mycobacterium, e.g. smegmatis, Pseudomonas, e.g. 
P. aeruginosa. Staphylococcus, e.g. S. aureus, S. epidermidis or S. simulans or 
Stenotrophomonas, e.g. S. maltophila. 

Examples of yeasts which may be used as indicator cells include Saccharomyces, e.g. S. 
cerevisiae, Candida, e.g. C. albicans or Pityrosporum. 

Examples of filamentous fungi which may be used as indicator cells include Epdidermophyton, e.g. 
E. floccosum. Trichophyton, e.g. 7. mentagrophytes or Aspergillus, e.g. iA. nfjgrer 

Screening process 

As mentioned above the present invention relates to a method for screening a polynucleotide 
sequence encoding an antimicrobial polypeptide, said method comprising the steps of: 

a) introducing the polynucleotide sequence in a host cell, wherein expression of said 
polynucleotide is under control of an inducible promoter and wherein said host cell is 
sensitive to the antimicrobial peptide encoded by the polynucleotide sequence 

b) cultivating the host ceils of in the absence of an inducer capable of inducing expression of 
the antimicrobial peptide 

c) cultivating the host cells in the presence of an inducer capable of inducing expression of the 
antimicrobial peptide 

d) cultivating the host cells in the presence of an Indicator oell. wherein said indicator cell is 
sensitive to the antimicrobial polypeptide encoded by the polynucleotide sequence 

e) selecting host cells capable of reducing the proliferation of indicator cells 

f) recovering the polynucleotide sequence encoding an antimicrobial polypeptide from the 
host cells selected in step e). 

Prior to step a) of the screening process certain preparatory steps may be necessary. An indicator 
cell for which an antimicrobial polypeptide with a killing and/or cell proliferation inhibiting effect it is 
desired to identify should be found, examples of useful indicator cells are given above. A suitable 
host cell and an expression vector compatible with said host cell should be chosen, examples of 
suitable host cells and vectors are given above. In a particular embodiment it may be a host cell, 
which allows formation of disulfide bond. e.g. it may be a host cell harbouring a mutation which 
alters the redox state of the host cell, such as a host cell which harbours a mutation in the 
thioredoxin reductase gene and/or a mutation in the glutathione reductase gene. In one 
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embodiment a library of polynucleotide sequences, such as a sample of polynucleotide generated 
by mutating a parent polynucleotide sequence encoding a parent antimicrobial polypeptide or a 
sample of polynucleotide sequences representing the genome or polypeptides expressed by a 
specific organism or cell, or by two or more organisms or cells, should be prepared. Said library 
may be prepared by any method, e.g. any conventional method known to a person skilled in the 
art. 

As part of introduction of the polynucleotide sequence into a host cells, i.e. in step a), said host 
cells may be separated on the basis of e.g. if a polynucleotide sequence has actually been 
introduced into the host cell and/or if the host cell is viable and/or its proliferation has not been 
inhibited. This may typically be done by the use of a selection marker. However, it is not essential 
to the screening method to separate non-viable host ceils from viable host cells as the 
antimicrobial polypeptide is selected on the basis of its killing or cell proliferation inhibiting effect on 
the indicator cell. 

In step b) the host cells are cultivated in the absence of the inducer so that said cells can 
proliferate without being killed or its proliferation being inhibited by the antimicrobial polypeptide to 
which they are sensitive. The host ceils may by cultured in the presence of any suitable nutrient 
medium using methods known in the art. For example, the cell nnay be cultivated by shake flask 
cultivation, on agar plates, in microtiter plates or small-scale fenmentation. Typically a suitable 
nutrient medium comprises carbon and nitrogen sources and inorganic salts and may t>e available 
from commercial suppliers or be prepared according to published compositions (e.g., in catalogues 
of the American Type Culture Collection). The host cells may be cultivated in a suitable medium 
without an inducer for as long as necessary, typically this may be for 10-24 hours. 10-36 hours, 10- 
48 hours, 10-72 hours, such as 10 hours, 24 hours, 48 hours or 72 hours. 

In step c) the host cells are cultivated in the presence of an inducer so to induce expression of the 
antimicrobial polypeptide. Typically said cells are cultivated in the same nutrient medium as in step 
b) but with the exception that it now contains the Inducer. A suitable nutrient medium, method of 
cultivation and time of cultivation may be as described above. The amount of inducer depends on 
the type of inducer and type of inducible promoter and is well known to a person skilled in the art. 
For example if arabinose is used as inducer it may typically be used in the range from 0.0001-0.1% 
arabinose and if IPTG is used as inducer it may typically be used in range of 0.001-1 mM IPTG. 
The presence of the inducer should induce expression of the antimicrobial polypeptide by the host 
cells and thereby kill or inhibit the proliferation of said host cells. The dose of inducer may be 
regulated to control for example whether the host celts are completely killed or only their 
proliferation is inhibited and/or it may be varied during the time period of cultivation. If the dose of 
inducer is varied during cultivation it may e.g. be lower in the beginning to induce expression of the 
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antimicrobial polypeptide but only slightly affect the proliferation of the host cells and then 
increased to eventually kill the host cells. 

in one embodiment of the invention the host cells may be lysed before step d), i.e. after they have 
had time to produce the AMP but before culturing them in the presence of an indicator cell. The 
AMP may by itself lyse the cells or this may be performed by affecting the host cells by external 
factors capable of lysing of cells, such as addition of chlorofonn or lysozym, infection with a lytic 
phage or the host cells may be lysed by exposing them to high temperature or sonication. 
In step d) the host cells are cultivated in the presence of an indicator cell, so that the killing or 
proliferation inhibiting effect of the antimicrobial polypeptide expressed by the host cell can be 
tested on the indicator cell. The host cells and indicator cells may be cultivated in any suitable 
nutrient media, by any suitable method and for any period of time as described above. The host 
cells and the indicator cells may be in direct contact or in indirect contact with each other, e.g. they 
may be cultivated without direct contact but by a method allowing diffusion of the antimicrobial 
polypeptide expressed by the host cells to the indicator cells. The viability and/or proliferation of the 
indicator celts may be tested by any known method, e.g. as described below. In one embodiment 
of the invention the effect of the antimicrobial polypeptide expressed by the host cell may be tested 
on two or more different indicator cells, e.g. the effect of the AMP may be tested on a library of 
indicator cells. 

Host cells which express an antimicrobial polypeptide capable of killing or reducing the proliferation 
of the indicator cells are identified in step e). One may select only host cells which greatly affect the 
Indicator cells, e.g. host cells expressing an antimicrobial polypeptide capable of completely killing 
the Indicator cell, or one may select all host cells capable of affecting the proliferation rate of the 
indicator cell, e.g. all host cells are selected independent on if they kill the indicator, inhibit the 
proliferation of the indicator cell slightly or inhibit the proliferation of the indicator cell greatly. If the 
effect of the antimicrobial polypeptide Is tested on two or more different indicator cells one may e.g. 
select only host cells expressing an antimicrobial polypeptide killing or inhibiting the proliferation of 
two or more different indicator cells or one may select all host cells expressing an antimicrobial 
polypeptide capable of killing or inhibiting the proliferation of at least one type of indicator cell. 
In step 0 the polynucleotide sequence encoding an antimicrobial polypeptide expressed by a host 
cell selected in step e) is recovered from said host cell. Recovering of said polynucleotide may be 
performed by any known method. The nucleotide sequences may be amplified by conventional 
methods, e.g. PGR amplification. The identified and amplified nucleotide sequence may then be 
inserted into a host cell capable of producing said antimicrobial polypeptide. For example the 
antimicrobial polypeptide may be expressed through fusion to a bigger polypeptide which then may 
be exported or secreted by the host cell. Said polypeptide may have the function of protecting the 
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antimicrobial polypeptide of interest from digestion within the cell and thereby inactivation by the 
host cell enzymes and/or the polypeptide may have the function of lowering the effect of the 
antimicrobial polypeptide on the host cell so that the host may proliferate and continue expression 
of the antimicrobial polypeptide writhout being significantly affected by the expressed antimicrobial 
polypeptide, an effect which may occur if the antimicrobial polypeptide is not been incorporated 
into the polypeptide. The identified and amplified nucleotide sequence encoding the antimicrobial 
polypeptide may also be mutated as described, vide supra, e.g., by random mutagenesis, by gene 
shuffling, or by synthesizing degenerate genes. These mutated nucleotide sequences may then be 
screened again according to steps a) to 0 to identify nucleotide sequences encoding new 
antimicrobial polypeptides with an improved effect e.g. by lowering the concentration of inducer in 
subsequent screenings. 

In one embodiment of the invention the screening method is carried out by application of 
conventional plate assays so that after introduction of the polynucleotide sequence in the host cell 
in step a), said cells are streaked out on a plate comprising a nutrient medium without an inducer 
and optionally an antibiotic or another selectable marker. An antibiotic or selectable marker may be 
used if the expression vector used for construction of the polynucleotide sequence encoding the 
antimicrobial polypeptide comprises a gene encoding resistance to said antibiotic or selectable 
marker. The presence of the selectable marker/antibiotic will make only those host cells survive 
into which an expression vector comprising a polynucleotide sequence has actually entered, i.e. 
host cells where the transformation, transfection or infection has been successful. In a particular 
embodiment a filter, such as a cellulose acetate filter is placed on top of the plates with the nutrient 
medium and the host cells are streaked out on the filters. The plates are then incubated for a 
period of time to enable colony formation of transformed/transfected/infected host cells and from 
these plates host cell samples or filter comprising said host cells are transferred to other plates 
further comprising a nutrient medium and an inducer inducing expression and production of the 
antimicrobial polypeptide comprised in the inserted expression vector, in a particular embodiment 
the colonies may be transferred to another plate by placing a filter on top of the plate and then 
stripping the colonies of the plate with the filter and transferring the filter to a new plate. In a 
particular embodiment the host cells may. Instead of being transfenred from a plate without inducer 
to a ptate with inducer, be overiaid with another layer comprising the inducer, such as agarose. 
The plates are then again incubated for a period of time to allow expression of the antimicrobial 
polypeptides. The indicator cells are then placed on top of the plates comprising the host cells in a 
suitable nutrient medium and incubate for a period of time dlk)wing the antimicrobial polypeptides 
to exert their effect on the indicator cell. If a transformed/transfected/infected host cell colony 
inhibits proliferation of the indicator cell in the area surrounding the host cell colony it may be 
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deduced that said host cell express an antimicrobial polypeptide which inhibits the prolrferation or 
kills the indicator cell. 

In another embodiment of the present invention the screening method may be carried out in a 
liquid assay. Thus for example after introduction of the polynucleotide sequence into the host cells, 
said host cells may be seeded in a microtiter plate, at a concentration facilitating growth of 
individual colonies in each well, in a nutrient medium without an inducer and cultured for a period 
of time necessary for proliferation of the host cells. Thereafter an inducer is added to the nutrient 
medium and the host cells are cultured for a period of time allowing expression of the AMP. The 
indicator strain is then added to the microtiter plates and cultures are then again cultured for a 
period of time allowing the AMP to act on the indicator cells. Finally, proliferation of the indicator 
cells during this period of time is measured by, e.g. optical density (OD). 
In another embodiment of the present invention the screening method may be performed by 
cloning the polynucleotide sequence encoding an AMP into a phage, for example lambda-ZAP 
(Stratagene, where expression is driven by the Lac promoter, induced by IPTG) and then infect the 
host cells (for example £co// XL-1-Blue) with the packaged phages by e.g. mixing the phages and 
the host cells on a top agar solution and plate them on a LB plate. The plates are then incubated to 
prevent lysogenesis for a period of time, e.g. at AZ'C and for 3-4 hours. When tiny plaques are 
visible the infected host cells are overiaid with an Indicator cell and an inducer, such as a strain of 
Bacillus and IPTG, to induce the expression of the polypeptide. The plates are then incubated for a 
period of time at e.g. 37^C. The host cells will be lysed but they will still have time to produce the 
AMP before dying. The synthesized polypeptide will be liberated and it may then inhibit 
proliferation of the indicator cells. After e.g. an overnight incubation inhibition of the proliferation of 
the indicator cells may be visible as clearing zones surrounding the host cells. For this embodiment 
it is important that the indicator strain can not be Infected by the phage. 

Methods for testing viability and proiiferation rates 

Methods for testing the viability and/or proliferation rate of cells are well known to a person skilled 
in the art. For example if the cells are cultured on a plate, e.g. an agar plate which may be in the 
presence of a selection marker such as an antibiotic, the presence of a colony and/or the size of a 
colony can be used to evaluate the vfabilHy and/or the proliferation rate of the cells. Typically the 
cells are spread over an agar plate comprising a selection mariner and then the plates of are 
cultured for a period of time, such as overnight The presence of visible colonies indicates cells 
which cells are viable. 

Another method is to stain the cells, such as MTT (3-(3-(4,5-Dimethylthiazo!-2-yl)-2,5- 
diphenyltetrazolium bromide) which stains viable cells blue. Alamar Blue or 2.3,5- 
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triphenyltetrazolium chloride. For example the cells may plated on e.g. an agar plate, a microtiter 
plate or they may be growing in suspension and then the dye is added so that it is possible to e.g. 
visually identify cells which are alive. The amount of dye after a certain culture time may also be 
used to evaluate the proliferation rate of the cells. For example if the same number of cells have 
been seeded in e.g. suspension or on a microtiter plate and then allowed to proliferate for a certain 
period of time, such as 24 hours, the cells may then be stained subsequently and the amount of 
dye present used to evaluate the proliferation rate of the cells. 

Use of antimicrobial polypeptides 

Antimicrobial polypeptides identified by the method of the present invention may used in a variety 
of applications, for example it may used within areas such medical care, cosmetic care, animal 
feed, cleaning systems or for various industrial applications. 

Medical applications 

The invention also relates to the use of an antimicrobial polypeptide found by the present invention 
as a medicament. Further, an antimicrobial polypeptide or composition comprising said 
antimicrobial polypeptide found by the present invention may also be used for the manufacture of a 
medicament for controlling or combating microorganisms, such as fungal organisms or bacteria. 
The antimicrobial polypeptide found by the present invention may also be used as an antimicrobial 
veterinarian or human therapeutic or prophylactic agent. Thus, the antimicrobial polypeptide found 
by the present invention may be used in the preparation of veterinarian or human therapeutic 
agents or prophylactic agents for the treatment of a microbial, such as fungal infection, bacterial 
infection or viral infection; it may also be used for multi-resistant infections. Examples of infections 
or diseases were an AMP of the present invention may be used include cystic fibrosis (CF), 
ventilator-associated pneumonia (VAP), candidiasis, HIV and nasal caniage of S. aureus. 
The antimicrobial polypeptide found by the present invention may also be used in wound healing 
composition or products such as bandages, medical devices such as. e.g., catheters and 
Thus, the antimicrobial polypeptides found by the present invention may by useful as a disinfectant 
for example it may be used for topical application, e.g. for the treatment of acne, infections in the 
skin, wounds, chronic wounds, bruises and the like. Other examples of infections for which an AMP 
of the present invention may be used include treatment of infections in the eye or the mouth, and 
diabetic foot ulcers. 



24 



10298.000-DK 



Cosmetic applications 

An AMP of the present invention may for example bB used in a variety of different products for 
personal care such as lotions, creams, gels, ointments, soaps, shampoos, conditioners or oral care 
products such as mouth wash, in antiperspirants or deodorants; in foot bath salts; for cleaning and 
disinfection of contact lenses, teeth (oral care), for anti-dandruff hair products, such as shampoos. 

Feed apolications 

Another application for an antimicrobial polypeptide identified by the present invention is the 
employment of said antimicrobial polypeptide in animal feed products. The term animal includes all 
animals, including human beings. Examples of animals are non-ruminants, and ruminants, such as 
cows, sheep and horses. In a particular embodiment, the animal is a non-ruminant animal. Non- 
ruminant animals include mono-gastric animals, e.g. pigs or swine (including, but not limited to, 
piglets, growing pigs, and sows); poultry such as turkeys and chicken (including but not limited to 
broiler chicks, layers); young calves; and fish (including but not limited to salmon). 
The term feed or feed product means any compound, preparation, mixture, or composition suitable 
for, or intended for intake by an animal. 

It may also be used as an antimicrobial in food products and would be especially useful as a 
surface antimicrobial in cheeses, fruits and vegetables and food on salad bars. 
Other uses include preservation of foods, beverages or food ingredients. 

Cleaning svstems 

Further, it is contemplated that the antimicrobial polypeptides found by the present invention .can 
advantageously be used in a cleaning-in-place (C.I.P.) system for cleaning of process equipment 
of any kind. 

The antimicrobial polypeptides found by the present invention may additionally be used for 
cleaning surfaces and cooking utensils in food processing plants and in any area in which food is 
prepared or served such as at hospitals, nursing homes, restaurants, especially fast food 
restaurants, delicatessens and the like. 

In general it is contemplated that the antimicrobial polypeptides found by the present invention are 
useful for cleaning, disinfecting or inhibiting microbial growth on any hard surface. Examples of 
surfaces, which may advantageously be contacted with the antimicrobial polypeptides of the 
Invention are surfaces of process equipment used e.g. dairies, chemical or pharmaceutical process 
plants, water sanitation systems, oil processing plants, paper pulp processing plants, water 
treatment plants, and cooling towers. The antimicrobial polypeptides found by the present invention 
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should be used in an amount, which is effective for cleaning, disinfecting or inhibiting microbial 
growth on the surface in question. 

Industrial applications 

Typically, antimicrobial polypeptides are useful at any locus subject to contamination by bacteria, 
fungj, yeast or algae, including places such as aqueous systems. e,g. water cooling systems, 
laundry rinse water, oil systems such as cutting oils, lubricants, oil fields and the like, where 
microorganisms need to be killed or where their growth needs to be controlled. However, the 
antimicrobial polypeptides found by the present invention may also be used in all applications for 
which known antimicrobial compositions are useful, such as protection of wood, latex, adhesive, 
glue, paper, cardboard, textile, leather, plastics, caulking, and feed. 
It may also be used as a preservation agent or a disinfection agent in water based paints. 
The antimicrobial polypeptides found by the present invention may also be useful for microbial 
control of water lines, and for disinfection of water, in particular for disinfection of industrial water. 
Another example is use of an AMP of the present invention for preservation of enzyme 
formulations. 

EXAMPLES 
Materials 

Host cells 

£ CO// origami: E.co// origami ceils (Novagen) are a K-12 derivative strain hartjouring mutations in 
both the thioredoxin reductase {tncB) and gluthathtone reductase (gor) genes allowing disulfide 
bond formation in the cytoplasm. 

TOP10: E.coli cells in which disulfide bond formation is not possible from Invitrogen 
Antimicrobial peptides 

Plectasin is an antimicrobial peptide derived from Pseudoplectania nigrella (SEQ ID NO:2 in PA 
2001 01732). 

AFP is an antifungal protein derived from Aspergillus giganteus 
AMP/plasmtd constructs 

pDR18-plectasin: The AMP Plectasin was cloned into a version of the pBAD/glll A plasmid made 
In-house which does not comprise the gill secretion signal, whereby Plectasin is expressed in the 
cytoplasm of the host cell. 
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The promoter of both of the above pBAD/glll A plasmids is regulated by arabinose. i.e. expression 
of a polynucleotide sequence inserted into the plasmid is induced by the presence of arabinose. 
pHH900-AFP: done capable of expressing AFP 



Indicator cells 
Bacillus subtiUs 
Fusarium longypes 



Example 1 

Growth inhibition of BacUlus subtllis bv the antimicrobial peptide PJectasin 

E. coff origami cells were transfornrred with pDR18-plectasin and cultured overnight at Sy^C on LB- 
agar plates containing tetracycline (tet), kanamycin (kan) and ampecillin (amp) to select for viable 
origami cells comprising the pDR18-plectasin constmct. Three viable origami colonies were 
selected and transfen«d to a cellulose acetate filter (Schleider & Schulf) placed on top of an agar 
plate without any antibiotics. The filter-agar plates were incubated overnight at 37"C before 
transfen-ing the filters to a new agar plate containing 0.1% arabinose to induce expression of 
Plectasin. The filter-agar. 0.1% arabinose plates were Incubated overnight at 37°C. One of the 
plates were treated with vapours of chloroform, which lyses cells, by pouring chloroform on a filter 
and then placing the agar-filter plate on top of this upside-down for 10 minutes. Aftenwards the 
filter-agar plate is remove and left open for 15 minutes to evaporate the remaining chloroform 
before transfening the filter to a new agar-filter. 0.1 % arabinose plate. After this a top-layer of agar 
comprising approximately 4x10» CPU Bacillus subtilis were poured on top of both the chloroform 
treated filter-agar plate and the non-treated plate. The plates with top-layer were then incubated 
ovemight at 37'C. The next day clearing zones in the top-layer (8ac///as subWis cells) were 
detected by staining with a 0.2 mM MTT-sdution. which stains viable cells blue. Thus the presence 
of clearing zones (no blue cells) surrounding the origami colonies indicates that the proliferation of 
the Bacillus subtilis cells near the origami cells is inhibited and thereby that the polynucleotide 
expressed by said host cells has an antimicrobial activity towards said indicator cells. 

The results are shown in table 1 as whether or not a clearing zone is present in the top-layer over 
each of 6 colonies of origami cells transfonned with the pDR18-plectasin construct. A clearing zone 
Is defined as the absence of or presence of only a few blue cells in the top-layer over each of the 
origami colonies, which indicates that the Bacillus subtilis cells, which are more or less uniformly 
.distributed throughout the top-layer, above the origami colonies are dead. 
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Table 1: 



AMP/plasmid construct 


Plate treated with chloroform 


Plate not treated with 
chloroform 


Clearing zone 


pDR18-plecta$in no.1 




+ 


pDR18-plectasin no.2 




+ 


pDR18-plectasin no.3 


+ 


+ 



The above results show that expression of plectasin by the origami cells is able to act on other 
celts (in this case Bacillus subtilis) than the host cells it is expressed by and kill those cells. 
Furthemiore. it also shows that this effect is independent on whether or the host cells are lysed 
with chloroform. 



Example 2 

The effect of Plectasin on the host cells (Exoli orioami) 

£ CO// origami cells were transformed with pDRIS-plectasin and cultured ovemight at 37*^0 on LB- 
agar plates containing tet. kan and amp to select for viable origami cells comprising the pDR1 8- 
plectasin construct. Four viable origami colonies were selected and two were streaked out on agar 
plates comprising tet, kan and amp while the other two were streaked out on agar plates 
comprising tet, kan, amp and 0.1% arabinose to induce expression of Plectasin from the pDR18- 
plectasin construct. The plates were incubated overnight at 37<'C. 
Results: 

On the agar plates without arabinose a line of origami cells was present clearly indicating that the 
origami cells had grown ovemight. 

On the agar plates comprising arabinose only very few origami cells were present indicating that 
the presence of arabinose had inhibited the proliferation of said cells. Thus that the proliferation of 
the origami cells was almost completely inhibited by the presence of the AMP Plectasin as 
arabinose induce expression of Plectasin. 

Example 3 

. The effect of Plectasin on host cells not capable of forming disulfide bridges 
TOP 10 cells were transformed with pDR18-plectasin and cultured overnight at 37**C on LB-agar 

- plates containing amp to select for viable TOP10 cells comprising the pDR18-plectasin construct. 
Four viable TOP10 colonies were selected and two were streaked out on agar plates comprising 
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amp while the other two were streaked out on agar plates comprising amp and 0.1% arabinose to 
induce expression of Plectasin from the pDR18-plectasin construct. The plates were incubated 
overnight at 
Results: 

A line of TOP10 cells was present at both the plates comprising arabinose and those without 
arabinose. Thus induction of plectasin by arabinose did not inhibit proliferation of the TOP10 cells 
indicating that formation of disulfide bond(s) is important for the antimicrobial activity of plectasin as 
expression of plectasin in origami cells, in which disulfide bond formation is possible, inhibited 
proliferation of these cells (see example 2). 

Example 4 

Growth inhibition of Fusahum lonavpes by AFP 

E. CO// origami cells were transformed with pHH900-AFP and pHHA, respectively and cultured 
overnight at ZT'C on LB-agar plates containing tetracycline (tet), kanamycin (kan) and ampicillin 
(amp) to select for viable origami cells comprising said constructs. Two viable origami colonies 
containing each of the constructs were selected and used to inoculate 3 other LB-agar plates with 
tet, kan and amp before culturing said plates for 3 days at 37''C. A cellulose acetate filter 
(Schleider & Schull) was placed on top of each of the plates and the colonies were striped off with 
the filters. The filters were then place on new LB-agar plates containing 0.1% arabinose with the 
colonies facing up to induce expression of the AFP. The filter-agar, 0.1% arabinose plates were 
incubated ovemight at 37^0 before treating them with chlorofonm as described in example 1. After 
this a top-layer of 6 ml agar comprising approximately 10^ spores/ml Fusarium longypes were 
poured on top of the chloroform treated filter-agar plate. The plates with top-layer were then 
incubated for 3 days at room temperature. Clearing zones in the top-layer {Fusarium longypes 
cells) were detected by staining with a 0.2 mM MTT-solution as described in example 1 . 

The results are shown in table 2 as whether or not a clearing zone is present in the top-layer over 
each of 2 colonies of origami cells transfomied with the pHH900-AFP and pHHA construct, 
respectively. A clearing zone is defined as the absence of or presence of only a few blue cells in 
the top-layer over each of the origami colonies, which indicates that the Fusarium longypes cells, 
which are more or less uniformly distributed throughout the top-layer, above the origami colonies 
are dead. 

Table 2: 



AMP/plasmid construct 



Plate treated with chloroform 



Plate not treated with 
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chloroform 


Clearing zone 
+/- 


PHH900-AFP no,1 


•1- 


+ 


pHHQOO-AFP no.2 


•f 




pHHA no.1 






pHHA no.2 







The results shown in table 2 shows that the indicator cells Fusarium longypes present on top of the 
origami cells transformed with the constnjct comprising AFP are dead, while origami cells which 
were transfonned with the control vector had no effect on the Fusarium longypes indicator cells. 
Thus this indicates that expression of AFP by the origami cells is capable of killing the Fusarium 
longypes cells. 
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PATENT CLAIMS 

1) A method for screening a polynucleotide sequence encoding an antimicrobial polypeptide, said 
method comprising the steps of: 

a) introducing the polynucleotide sequence in a host cell, wherein expression of said 
polynucleotide is under control of an inducible promoter and wherein said host cell is 
sensitive to the antimicrobial peptide encoded by the polynucleotide sequence 

b) cultivating the host cells of in the absence of an inducer capable of inducing expression of 
the antimicrobial peptide 

c) cultivating the host cells in the presence of an inducer capable of inducing expression of the 
antimicrobial peptide 

d) cultivating the host cells in the presence of an indicator cell, wherein said indicator cell is 
sensitive to the antimicrobial polypeptide encoded by the polynucleotide sequence 

e) selecting host cells capable of reducing the proliferation of indicator cells 

0 recovering the polynucleotide sequence encoding an antimicrobial polypeptide from the 
host cells selected in step e). 

2) A method according to claim 1 , wherein the polynucleotide sequence comprises a library of 
polynucleotide sequences. 

3) A method according to daim 1 or claim 2, wherein step d) comprises cultivating the host cells 
in the presence of a library of indicator cells. 

4) A method according to any of claims 1-3, wherein the antimicrobial polypeptide comprises 
disulfide bonds. 

5) A method according to any of claims 1-4, wherein the antimicrobial polypeptide is expressed 
Intracellulariy, in the periplasm or secreted by the host cell 

6) A method according to daim 5, wherein the antimicrobial polypeptide is expressed in the 
cytoplasm or in an intracellular compartment. 

7) A method according to any of the preceding claims, wherein the host cell is a fungal cell, 

8) A method according to claim 7. wherein the host cell is Aspergillus or yeast. 

9) A method according to any of daims 1-6. wherein the host cell is a bacterial cell. 

10) A method according to claim 9, wherein the host cell is a Gram-negative bacterial cell. 

11) A method according to claim 10. wherein the host cell is E.colL 

12) A method according to claim 9. wherein the host cell is a Gram-positive bacterial cell. 
, 13) A method according to daim 12. wherein the host cell is Bacillus subtilis. 
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14) A method according to any of claims 1-13, wherein the host cell harbours a mutation which 
alters the redox state of the host cell so that it allows disulfide bond formation. 

15) A method according to claim 14, wherein the host cell harbours mutations in the thioredoxin 
reductase gene (trxB) and/or the glutathione reductase gene {gor), 

16) An antimicrobial polypeptide identified by the method of claim 1. 
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ABSTRACT 

The present invention relates to a method for screening for antimicrobial polypeptides. 
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